Introduction
Diabetes mellitus is a major risk factor for atherosclerosis [1] . Hypertension is a determinant of microangiopathy and atherothrombosis in diabetes [2] . Understanding the concept of inflammation in diabetes-accelerated atherosclerosis can be used practically to predict future cardiovascular risk by evaluating inflammatory biomarkers and to design clinical trials using inflammation as a therapeutic target [3] . Among the top contributors of inflammatory stimuli are adipokines, which are secreted from the adipose tissue [4] .
Vaspin, a member of the serine protease inhibitor family, is an adipocytokine that has been isolated from the visceral adipose tissue of Otsuka Long-Evans Tokushima Fatty rats [5] . The Otsuka Long-Evans Tokushima Fatty rat is an animal model of type 2 diabetes (T2D), which is characterized by abdominal obesity, insulin resistance, hypertension and dyslipidemia [6] .
To our knowledge, the comparison of the serum vaspin level between T2D patients with hypertension and without hypertension has not been investigated previously. The present study, therefore, investigated the serum vaspin level between T2D patients with hypertension and without hypertension and assessed the relation between the serum vaspin level and the carotid intima atherosclerotic media thickness, BMI and other risk factors.
Patients and methods
The study group included 40 Egyptian patients with T2D (mean age 47.95 ± 5.95 years) who were selected from the Internal medicine outpatient clinic of Al Kasr Al Ainy Cairo University Hospital between January
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Background
Vaspin is a novel adipocytokine with insulin-sensitizing effects. However, it is not known whether a correlation exists between human vaspin serum levels and markers of insulin sensitivity and glucose or lipid metabolism.
Aim of the work
To determine whether there is an association between serum vaspin levels (a novel adipocytokine with insulin-sensitizing effects), type 2 diabetes mellitus (T2D) and atherosclerosis.
Patients and methods
The study included 40 patients with T2D divided into 20 without hypertension (group 1), 20 with hypertension (group 2) and 15 age-matched and sex-matched healthy control participants (group 3). The serum vaspin level was determined by enzyme-linked immunosorbent assay. Its level was compared between both diabetic patients and controls, and between diabetic patients without hypertension and those with hypertension. All participants were subjected to an imaging procedure in the form of carotid Doppler to measure the intima -media thickness as an early marker of atherosclerosis.
Results
The serum vaspin level was significantly higher in diabetic patients compared with control participants. There was significant increase in the left carotid intima-media thickness in diabetic patients with hypertension and without hypertension compared with control participants. There was a significant positive correlation between the serum vaspin level and the BMI in diabetic patients with hypertension, a significant negative correlation between the serum vaspin level and the duration of diabetes and a significant negative correlation between the serum vaspin level and HDL in diabetic patients without hypertension.
Conclusion
There was a significantly high level of serum vaspin in T2D patients. Serum vaspin was shown to be significantly lower in T2D patients with a longer duration of illness. An increased carotid intima-media thickness in diabetic patients was not related to the vaspin level, denoting an underlying combining factor for atherosclerosis in diabetic patients other than vaspin.
and May 2013. The cases were further subdivided into 20 cases without hypertension (group 1) and 20 cases with hypertension (group 2). The diagnosis and the clinical classification of diabetes mellitus were based on the guidelines of the American Diabetes Association [7] . Fifteen healthy age-matched and sex-matched participants were included as the control group (group 3) (mean age 46.87 ± 5.18 years); all were from a similar ethnic background. All patients were informed about the procedure, and a written consent was obtained. Approval of the ethical committee was also obtained. All patients were subjected to full clinical history and thorough examination, including BMI, laboratory investigations in the form of a complete blood picture, 2-h post-prandial blood glucose, serum creatinine, serum cholesterol, serum triglyceride, LDL-cholesterol, HDL-cholesterol and serum vaspin levels.
Five milliliters of fasting (12-14 h) venous blood samples were taken from each participant and divided into parts: the first part containing 2 ml was added to a tube containing EDTA for the determination of the complete blood picture on a Coulter Counter T890 (Coulter Counter, Harpenden, UK). The rest of the blood (3 ml) was left to clot, the serum was separated by centrifugation for 15 min at 1000×g and the fasting blood glucose was determined immediately on a Hitachi autoanalyzer (Hitachi 736; Roche, Japan) by the glucose oxidase method. The rest of the serum was stored at -20°C for the determination of the following: serum cholesterol, serum triglyceride, LDL-cholesterol, HDL-cholesterol and serum vaspin levels.
Determination of serum cholesterol and serum triglyceride was carried out on Hitachi 736 (Roche Diagnostics GmbH, Mannheim, Germany) by colorimetric techniques. For the determination of HDL-cholesterol, phosphotungestic acid and magnesium ions were used for precipitating all lipoproteins except the HDL fraction that was present in the supernatant and measured by an autoanalyzer. LDL-cholesterol was measured by the Friedwald formula [8] .
Two milliliters of venous blood samples were taken from all patients 2 h after meals for the determination of postprandial blood glucose on a Hitachi 736 autoanalyzer (Roche, Japan).
The determination of serum vaspin was carried out using the sandwich enzyme immunoassay kit supplied from Adipogen Inc. (Incheon, Korea) [9] .
All participants were subjected to an imaging procedure in the form of carotid Doppler to measure the intima-media thickness (IMT) of the distal common carotid, and the peak systolic velocity, the end-diastolic velocity and the resistivity index of the internal carotid artery by carotid ultrasound. B (brightness)-mode grey-scale, color, spectral Doppler techniques were used to investigate the carotid arteries according to the standardized protocol. The same operator interpreted all studies in a blinded manner, and the same ultrasound unit HD 5000 (USA using linar prove 7.5 MHZz) was used for scanning all participants.
Statistical analysis
Data were statistically described in terms of mean ± SD, median and range, or frequencies (number of cases) and percentages when appropriate. Comparison of numerical variables between the study groups was performed using the Student t-test for independent samples to compare two groups that were normally distributed. Comparison of numerical variables between more than two groups was performed using the one-way analysis of variance test with post-hoc multiple two-group comparisons. For comparing categorical data, the c 2 -test was performed. The exact test was used instead when the expected frequency was less than 5; P value less than 0.05 was considered statistically significant. All statistical calculations were performed using the computer program SPSS version 15 (Microsoft corporation, Chicago, IL, USA) for Microsoft Windows.
Results
Thirty out of the 40 diabetic patients were female (75%) and 10 patients were male (25%); the age group of our patients ranged from 40 to 55 years (47.95 ± 5.9) ( Table 1) . BMI in our patients ranged from 23 to 29, with a mean of 25.47 ± 1.95. The disease duration in our patients ranged from 1 to15 years; 13 patients were on insulin (32.5%), 16 patients were on sulphonylurea (40%) and 18 patients were on metformin (45%). Hypertension was present in 20 patients (50%). Dyslipidemia was present in 57.5% of our patients. Plaque was present in five patients (9.1%).
In Tables 2 and 3 , Fig 1 and 2 , there was a statistically significant increase in serum vaspin levels in T2D patients without hypertension and T2D patients with hypertension (1.03 ± 0.22 and 1.01 ± 0.26 ng/ml, respectively) compared with control participants (0.53 ± 0.09 ng/ml; P = 0.000).
In Table 4 and Fig 3, there was no statistically significant difference in serum vaspin levels between diabetic patients with hypertension and diabetic patients without hypertension.
In Table 5 , there was a statistically significant negative correlation between serum vaspin levels and diabetes duration in all cases (r = -0.330, P = 0.037). There was a statistically significant positive correlation between serum vaspin levels and HDL in control participants (r = 0.575, P = 0.025) and a negative correlation between serum vaspin levels and HDL in T2D patients without hypertension (r = −0.459, P = 0.042), but there was no statistically significant correlation between serum vaspin levels and cholesterol, LDL or triglycerides in all the studied groups. There was no statistically significant correlation between serum vaspin levels and parameters of carotid intimal thickness.
Discussion
Vaspin is a new adipocytokine-linking adipose tissue related to systemic insulin resistance and thereby contributing to the pathogenesis of diabetes [10] . However, the relationship between vaspin and diabetes is still controversial; the present study aimed to investigate the role of vaspin in the pathogenesis of T2D and its metabolic parameters. The serum vaspin level in diabetic patients without hypertension compared with the control group (mean ± SD).
Figure 1 Table 2 Comparison of serum vaspin levels between diabetic patients without hypertension and controls
Student t-test Group 1 Control P value Vaspin (ng/ml) 1.03 ± 0.22 0.53 ± 0.09 0.000* Values are expressed as means ± SD; *P < 0.05 is significant.
Table 3 Comparison of serum vaspin levels between diabetic patients with hypertension and controls
Student t-test Group 2 Control P value Vaspin (ng/ml) 1.01 ± 0.20 0.53 ± 0.09 0.000* Values are expressed as means ± SD; *P < 0.05 is significant.
Table 4 Comparison of serum vaspin levels between diabetic patients with hypertension and diabetic patients without hypertension
Student t-test Group 1 Group 2 P value Vaspin (ng/ml) 1.03 ± 0.22 1.01 ± 0.20 1.000
Values are expressed as means ± SD.
In our study, there was a statistically significant increase in serum vaspin levels in T2D patients without hypertension and T2D patients with hypertension (1.03 ± 0.22 and 1.01 ± 0.26 ng/ml, respectively) compared with control participants (mean 0.53 ± 0.09 ng/ml; P = 0.000), but there was no statistically significant difference in serum vaspin levels between diabetic patients with hypertension and diabetic patients without hypertension. This result was in agreement with other studies [10] [11] [12] that revealed significantly elevated levels of vaspin in T2D patients compared with control participants.
Youn et al. [13] did not detect a difference in circulating vaspin levels between individuals with normal glucose tolerance (NGT) and patients with T2D of different durations. Also, other studies [14, 15] found no difference in serum vaspin levels between diabetic patients and NGT individuals.
As an adipocytokine, vaspin was supposed to be associated with obesity. However, the relationships between the vaspin level and body fat indexes remain controversial [14, 16] .
In our study, there was a statistically significant positive correlation between serum vaspin levels and BMI only
The serum vaspin level in diabetic patients with hypertension compared with the control group.
Figure 2
The serum vaspin level between diabetic patients without and with hypertension (mean ± SD). in diabetic patients with hypertension (r = 0.480, P = 0.032). Youn et al. [13] reported that vaspin was positively correlated with BMI in NGT individuals, whereas in diabetic patients, this correlation was not confirmed. However, after a 4-week intensive exercise training, reduced BMI was an independent predictor of increased vaspin concentration [13] .
Figure 3
Feng et al. [17] showed that vaspin was positively related to BMI in healthy controls, but not in the patient groups. He explained this difference to exist because diabetes is a complicated metabolic disorder and it might simultaneously disturb the secretion of vaspin in some independent ways, which may eliminate the effects of body weight on vaspin levels, but Youn et al. [13] explained this to be a result of the dysregulation of vaspin concentrations in T2D patients and according to the diet and metformin therapy of T2D, which might contribute to the lack of association between an increased circulating vaspin and obesity.
In our study, there was no statistically significant difference between women and men with regard to serum vaspin levels both in the control participants (0.56 ± 0.08 vs. 0.50 ± 0.09 ng/ml, P = 0.190) and in all diabetic patients (1.01 ± 0.21 vs. 1.03 ± 0.19 ng/ml, P = 0.80). Our results were in agreement with the study by Ye et al. [10] and Domaa et al. [12] , who did not find any statistically significant difference in the serum vaspin levels between women and men in NGT individuals and T2D patients.
Previous studies reported sexual dimorphism in the serum vaspin concentration, with higher levels in normal glucose-tolerant women compared with men [13, 14] , but these sex differences were not observed in T2D patients, and they suggested that metabolic alterations in T2D including chronic hyperglycemia and decreased insulin sensitivity modulate the vaspin serum concentration [13] .
In our study, we did not find any statistically significant correlation between serum vaspin levels and age in the studied groups. This result was in disagreement with both Feng et al. [17] and Ye et al. [10] , who found a positive correlation between serum vaspin levels and age in healthy controls, but not with T2D patients, and Seeger et al. [14] , who found a positive correlation between serum vaspin levels and age in individuals with a normal glomerular filtration rate.
In our study, there was a statistically significant positive correlation between serum vaspin levels and HDL in the control participants (r = 0.575, P = 0.025) and a negative correlation between serum vaspin levels and HDL in T2D patients without hypertension (r = -0.459, P = 0.042), but there was no statistically significant correlation between serum vaspin levels and cholesterol, LDL or triglycerides in all the studied groups.
Our result was in agreement with the study by Domaa et al. [12] , who found a statistically significant negative correlation between serum vaspin levels and HDL in T2D patients, but a statistically significant positive correlation between serum vaspin levels and cholesterol, LDL and triglycerides in T2D patients. Also, our results were in agreement with the study by Feng et al. [17] , who did not find any statistically significant correlation between serum vaspin levels and cholesterol, LDL and triglycerides in T2D Chinese patients; he also did not find a significant correlation between serum vaspin levels and HDL.
We found a statistically significant negative correlation between serum vaspin levels and diabetes duration in all cases (r = -0.330, P = 0.037). This was in agreement with the study by Feng et al. [17] , who found that patients with a longer diabetes duration had significantly lower serum vaspin levels than those with a shorter duration of diabetes, and he explained this by the fact that poor glucose control and insulin resistance might affect the levels of vaspin independently, with worsening of diabetes.
Carotid-wall IMT is a surrogate measure of atherosclerosis [18] associated with cardiovascular risk factors [19] .
The study by Li et al. [20] showed that serum vaspin levels were statistically significantly lower in T2D patients with plaque than in T2D patients with no plaque. They postulated that the increased vaspin production in human adipose tissue in the early stage of T2D may be a compensatory mechanism associated with obesity, severe insulin resistance and T2D, and that vaspin could serve as a novel marker and a protective factor for macrovascular lesions.
As the compensatory capacities of vaspin secretion gradually decrease with a prolonged duration of diabetes or cardiovascular disease and aggravation of vascular sclerosis, the levels of vaspin slowly decrease, as reported elsewhere [21, 22] . Poor control of several risk factors for atherosclerosis might shorten the compensatory stage of vaspin upregulation, and decreased production of vaspin may contribute to accelerated progression of atherosclerosis [20] .
In our study, there were no statistically significant differences in the vaspin levels in T2D patients with plaque (1.02 ± 0.23 ng/ml, P = 0.877), but there was a statistically significant difference in the left carotid IMT in T2D patients without hypertension (0.09 ± 0.01 cm, P = 0.000) and T2D patients with hypertension (0.08 ± 0.02 cm, P = 0.002) compared with control participants. These results may be due to the small number of patients proved to have plaque (five patients), and all our patients had no clinical manifestation of atherosclerosis.
Conclusion
The results of the present study demonstrated significantly high levels of serum vaspin in T2D patients with and without hypertension compared with control participants, but there was no statistically significant difference in the serum vaspin levels between diabetic patients with hypertension and diabetic patients without hypertension. Serum vaspin was shown to be significantly lower in T2D patients with a longer duration than in those with a shorter duration of diabetes. Hence, vaspin might be a used as a predictor of poor glycemic control and insulin resistance of T2D patients. Increased carotid IMT in diabetic patients was not related to the vaspin level, denoting an underlying combining factor for atherosclerosis in diabetic patients other than vaspin. We recommend that further studies using a large patient sample may prove that vaspin may be involved in the development of the metabolic syndrome, and may confirm the associations that were observed previously in several other studies. We cannot suggest that the association of vaspin with T2D and metabolic parameters is population specific. Further studies are necessary to elucidate the mechanisms mediating these changes in vaspin regulation in patients with T2D. Vaspin could serve as a novel marker and a protective factor for macrovascular lesions. A possible therapeutic implication for vaspin in T2D patients should be investigated.
